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We investigated the superconducting order parameter of the filled skutterudite LaPt4Ge12, with
a transition temperature of Tc = 8.3 K. To this end, we performed temperature and magnetic-field
dependent specific-heat and thermal-conductivity measurements. All data are compatible with a
single superconducting s-wave gap. However, a multiband scenario cannot be ruled out. The results
are discussed in the context of previous studies on the substitution series Pr1−xLaxPt4Ge12. They
suggest compatible order parameters for the two end compounds LaPt4Ge12 and PrPt4Ge12. This is
not consistent with a single s-wave gap in LaPt4Ge12 considering previous reports of unconventional
and/or multiband superconductivity in PrPt4Ge12.
PACS numbers: 74.70.Dd, 74.25.Bt, 74.25.Fy
I. INTRODUCTION
The pairing mechanism of a superconductor deter-
mines the symmetry of its order parameter, which in turn
is connected to the symmetry of the superconducting gap.
Superconductors, whose averaged order parameter over
the entire Fermi surface yields zero, are called unconven-
tional. They attract much interest1 in modern condensed
matter physics because a description of the underlying
physics has to go beyond the standard Bardeen-Cooper-
Schrieffer (BCS) theory for an s-wave order parameter.
Their gap contains nodes, whose existence and position
can be detected by a variety of experimental probes. Of-
ten, only a combination of results from different probes
allows one to draw a conclusive picture. The search and
study of unconventional superconductors was triggered
by the discovery of heavy-fermion superconductivity2,
the high-Tc cuprates
3, and organic superconductors4. By
now, a lot more materials are believed to be unconven-
tional superconductors.
In this context, the filled-skutterudite compounds
MT4X12 (M = electropositive metal, T = transition
metal, and X = usually a pnictogen) attracted much at-
tention with the discovery of PrOs4Sb12, which is the first
Pr-based heavy-fermion superconductor and believed to
be of unconventional type5,6. It exhibits exotic prop-
erties probably connected to the quadrupole degrees of
freedom6. The skutterudite family MPt4Ge12 (M =
Sr, Ba, La, Pr, Th) with a Pt-Ge framework are also
superconductors7–11. The two members PrPt4Ge12 and
LaPt4Ge12 show superconductivity at relatively high
transition temperatures compared to other skutterudites,
namely Tc = 7.9 K and 8.3 K
8.
PrPt4Ge12 seems to be a good candidate for unconven-
tional superconductivity. It is considered to be a mod-
erately strong-coupling superconductor from the large
specific-heat jump compared to the BCS value8. There
are indications of point nodes from NMR12, specific heat,
and penetration depth13. Furthermore, µSR measure-
ments detected a time-reversal symmetry breaking below
Tc
14,15. Additionally, a number of investigations includ-
ing photoemission, magnetization, penetration depth,
and specific heat revealed multiband superconductivity
in this compound13,16–19.
The continuous evolution of Tc across the dop-
ing series (Pr1−xLax)Pt4Ge12 suggests compatible or-
der parameters of the end members PrPt4Ge12 and
LaPt4Ge12
14. However, the few existing investigations
on LaPt4Ge12 point towards a single isotropic gap:
the specific-heat jump ∆C/γnTc is only slightly above
the BCS value suggesting a weaker coupling than in
PrPt4Ge12
8. NMR and photoelectron-spectroscopy re-
sults for LaPt4Ge12 could be best explained by a single
isotropic gap16,20. Additionally, no time-reversal sym-
metry breaking is observed in LaPt4Ge12 by µSR
14.
Only one recent study using µSR and tunnel diode
spectroscopy for penetration-depth measurements re-
ports indications of multiband superconductivity in
LaPt4Ge12
21.
In order to develop a conclusive picture, it is neces-
sary to shed more light on the superconducting prop-
erties of LaPt4Ge12. In particular, it is important to
clarify, if LaPt4Ge12 is a multiband superconductor. To
this end, we performed specific-heat measurements at
temperatures down to 0.4 K for different magnetic fields.
While the temperature dependence at zero field can be
described with a single superconducting s-wave gap, the
field dependence of the specific-heat γ0-coefficient shows
sub-linear behavior, which is discussed in terms of Fermi-
surface anisotropies. Additionally, we use the specific-
heat results to analyze the data of our detailed thermal-
conductivity study with a focus on the behavior be-
low 1 K. Our temperature- and field-dependent measure-
ments are compatible with a single-gap s-wave state.
II. METHODS
For the synthesis of single crystals of LaPt4Ge12, a
bulk sample of mass 2 g was placed in a glassy-carbon
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2crucible, sealed in a Ta tube and enclosed in a quartz
ampoule. The ampoule was heated up to 870 ◦C within
5 h and kept at this temperature for 10 h. Then it was
cooled down to 845 ◦C and held for 30 days and furnace-
cooled. Single crystals of 1-4 mm size were mechanically
extracted from the sample22.
We investigated three high-quality single crystals of
LaPt4Ge12 selected from the same batch with a residual
resistivity ratio (RRR) of 17 and a residual resistivity ρ0
of 3.8µΩcm. Crystal #1 with a mass of m = 14.7 mg and
crystal #2 with 67.2 mg were used for specific-heat mea-
surements by a relaxation method (Heat Capacity Op-
tion in a PPMS by Quantum Design). On crystal #3 we
performed transport measurements with a standard two-
thermometer-one-heater technique. For this purpose, we
cut it first into a rectangular bar along the principal cubic
crystal axes with a cross-sectional area of 0.492 mm2 and
a contact distance of 1.08 mm. This arrangement was
used for thermal-conductivity measurements in a PPMS
(Thermal Transport Option) above 2 K and in zero mag-
netic field. Afterwards, a long plate was cut from crystal
#3 again along the principal cubic crystal axes with the
dimensions (0.04 × 0.50 × 1.92) mm3. This sample #3a
was used to measure thermal conductivity both as a func-
tion of temperature and isothermally as function of mag-
netic field for temperatures below 1 K and for magnetic
fields of 0 ≤ H ≤ 2 T. The heat current j was applied
along the same direction as for the PPMS measurement.
A superconducting split-coil magnet generated a mag-
netic field H ⊥ j.
III. RESULTS
A. T -dependence of the specific heat
The specific heat C(T ) of LaPt4Ge12 was measured
at zero field and in a field of 2 T, which is above the
superconducting critical field (Fig. 1(a)). Our measure-
ments are in good agreement with previous results on
polycrystalline samples8. The data at 2 T, C2T(T ), are
used as an estimate of the phonon contribution. To ob-
tain the electronic contribution Ce to the specific heat
at zero field, the results at 2 T are subtracted from the
zero-field data except for a normal-state electronic con-
tribution γn = Cn(T )/T = const ., which is determined
by a fit to C2T(T ) between 0.3 K < T < 10 K using the
sum of a Debye and Einstein model,
C(T ) = γnT + βT
3 + CE , (1)
where CE describes the Einstein specific heat from a sin-
gle phonon mode. The fit result is also plotted in Fig.
1(a). From the fit we obtain γn = 56 mJ mol
−1K−2,
β = 3.7 mJ mol−1K−4 (Debye temperature Θ = 208 K),
and an Einstein temperature of TE = 95.5 K. The fit de-
scribes the data in the whole temperature range reason-
ably well, only below 4 K there are small deviations and
the phonon contribution follows β′T 2.5. This deviation is
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FIG. 1. Temperature dependence of the specific heat. (a)
C(T ) is shown for two different crystals both at zero field
and above the upper critical field Hc2. A fit of the results
at 2 T with Eq. 1 falls on top of the data, except below
4 K, where the phonon contribution follows β′T 2.5 (see in-
set). (b) The electronic contribution Ce(T ) to the zero-field
curve follows a BCS behavior with ∆0 = 2.03 kBTc (solid
line). Both samples show the same results within the mea-
surement uncertainty. (c) and (d) Numerical evaluation of
the two gap α-model. (c) The parameter x of the model
was determined from the specific-heat jump at Tc for the dis-
played parameter range of ∆1 and ∆2. (d) The variance com-
pared to the data in (b), χ2, reveals a large parameter region
around ∆1,∆2 = ∆0 (blue), where the α-model is able to
describe the data equally well (note the logarithmic scale).
The electronic specific heat from the two example parameter
sets 1 (∆1/kBTc = 2.21, ∆2/kBTc = 1.61, x = 0.67), and 2
(∆1/kBTc = 2.62, ∆2/kBTc = 1.40, x = 0.45) is shown as
dashed and dotted curves in (b). Curve 1 falls almost on top
of that of the single-band model.
most likely due to the complicated phonon spectrum gen-
erally observed in filled skutterudites caused by a combi-
nation of modes from the filler atom La and modes from
the cage structure formed by Pt and Ge9,11,23. The ad-
dition of a T 5-term is not able to improve the fit. The
deviations of the data from the model in Eq. 1, however,
can be neglected for the following analysis of the specific
heat, but it becomes important when we discuss the ther-
mal conductivity. The result for the electronic contribu-
3tion to C0T(T ) is shown in Fig. 1(b) as the specific heat
coefficient γ(T ) = Ce(T )/T . We note that the feature in
Ce/T below 1 K is an artefact due to the subtraction of
the lattice contribution to the specific heat.
The specific heat exhibits a sharp superconducting
transition at 8.0 K with a width of 0.13 K, which is an
indication of the good quality of our crystals. The jump
height is larger than expected from the predictions of
the weak-coupling BCS model (∆0 = 1.76 kBTc), which
cannot reproduce our data. However, we are able to de-
scribe Ce(T )/T adjusting the gap to ∆0 = 2.03 kBTc.
This value is in resonable agreement with the results
from photoelectron spectroscopy: ∆0 = 1.95 kBTc
16, and
NMR: ∆0 = 1.92 kBTc
12.
Since superconductivity in other skutterudites is dis-
cussed in terms of multiband superconductivity13,24–26
and there are results in favor of this interpretation for
LaPt4Ge12 as well
21, we also consider this possibility
based on our specific-heat data. In the case of two gaps,
the specific heat might be described by a weighted sum
of the contributions from both gaps within the standard
two-gap α-model27
Ce,α = xCe,1 + (1− x)Ce,2 . (2)
Both Ce,1 and Ce,2 are calculated within the BCS theory,
but with variable gap sizes ∆1 and ∆2. The third free
parameter of this model is the weighting factor x. Since
our data can already be described with a single gap ∆0,
one of the two gaps considered for the α-model must
be greater, the other one smaller than ∆0. We therefore
evaluate the α-model numerically in the parameter range
(1kBTc . ∆1 . ∆0), (∆0 . ∆2 . 3kBTc) using the data
between 2 K < T < Tc. Using Eq. 2, we determined the
corresponding x from the height of the specific heat jump
at Tc, which we obtained from the single band calculation
with ∆0 = 2.03 kBTc. The results for x are shown in Fig.
1(c).
In order to find all parameter sets (∆1,∆2, x), which
are able to describe our data, we evaluate the variance
χ2 =
1
n
1
T 2γ2n
n∑
i
(Ce,α − Ce)2 , (3)
which we plot in Fig. 1(d) on a logarithmic scale. In this
plot, we can identify the single band case in the corner
where ∆1,∆2 = ∆0. It also extends vertically and hor-
izontally from this point, where we find either x = 1 or
x = 0, respectively. However, there is also a large region
away from the single-band case, which has the same low
variance. As an example, the electronic specific heat cal-
culated from parameter set 1 (see Fig. 1(b)) lies almost
on top of the single-band calculation. We obtain such a
shape and large size of this low-variance region, because
a single band is already capable to describe our data.
Away from the low variance region, the results from the
α-model start to deviate from our data, which is demon-
strated by the curve from parameter set 2 in Fig. 1(b). In
summary, our results from the analysis with the α-model
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FIG. 2. Magnetic-field dependence of the specific heat.
γ0(H/Hc2) normalized to its normal state value γn deviates
from a linear behavior (dashed line) and follows a power law
(solid line) with an exponent of 0.72. γ0(H/Hc2) was ex-
tracted from a fit to C(T )/T at different fields. A selection
of these data is shown in the inset as function of T 2 for the
equally spaced fields H = 0, 0.2 T, ..., 1.4 T= µ0Hc2. The
lines are a guides to the eye.
reveal two possible scenarios: (a) two gaps close to ∆0
or (b) ∆1 ≈ ∆0 and ∆2 6= ∆0 as long as (1 − x) stays
small. The very good agreement with a single s-wave gap
excludes the possibility to describe Ce(T ) of LaPt4Ge12
using a nodal gap structure almost completely. The ques-
tion whether there are multiple s-wave gaps with different
gap sizes involved may ultimately be solved by measure-
ments on the substitution series (LaxPr1−x)Pt4Ge12.
B. H-dependence of the specific heat
The magnetic-field dependence of the γ0-coefficient in
the superconducting state was determined by an extrap-
olation of Ce(T,H = const)/T data to zero temperature
assuming an exponential behavior at low temperatures
in the superconducting state. Figure 2 clearly shows,
that γ0(H/Hc2) normalized to its normal state value γn
follows a sublinear curve γ0/γn = (H/Hc2)
η with an ex-
ponent of η = 0.72 between 0 ≤ H ≤ Hc2. µ0Hc2 = 1.4 T
has been determined from thermal conductivity, see be-
low. This exponent lies in between expectations for nodal
superconductors in simplified models (η = 0.5)28 and a
fully gapped isotropic superconductor (η = 1.0)29. How-
ever, these predictions take only certain quasiparticle
contributions into account: for an s-wave superconduc-
tor it is the contribution to the density of states from the
states within the vortex cores; for nodal superconductors
it is a contribution from the delocalized quasiparticles
around the nodes. Deviations are, therefore, expected, if
one takes further contributions into account. In addition
4to core states and delocalized quasiparticles, respectively,
this would be vortex lattice contributions30.
Since the temperature dependence of the specific heat
does not indicate the presence of nodes in the supercon-
ducting gap function, we will focus here on the case of
fully gaped superconductors. A deviation of γ0(H) from
the predicted linear dependence was observed in several
s-wave superconductors31–35. Several possible reasons
have been suggested: (1) multiband superconductivity;
(2) anisotropic Fermi surface; (3) non-linear contribu-
tions from the vortex lattice, which arise due to a field-
dependent vortex-core radius30,31.
We first discuss case (1). In the multiband supercon-
ductor MgB2, two distinct field scales were identified
27,36,
which correspond to the two different upper-critical fields
of the two gaps. Interestingly, the field dependence of
γ0/γn tracks the field dependence of the thermal con-
ductivity κ0/κn with the same characteristic field scales.
This is not the case in LaPt4Ge12, as κ0/κn shows a cur-
vature with opposite sign (see below) and makes, there-
fore, a scenario with two gaps of very different size, as in
PrPt4Ge12, rather unlikely.
LaPt4Ge12 has a complex, anisotropic Fermi surface
with several bands crossing the Fermi level37. This might
explain the observed sublinear behavior in γ0(H). A sim-
ilar scenario has been suggested for the borocarbide su-
perconductor LuNi2B2C
35,38.
We cannot exclude that a field dependent vortex core
radius provides a further mechanism for the observed de-
viations, however, so far there are no indications for such
a scenario in LaPt4Ge12.
C. T -dependence of the thermal conductivity
Figure 3(a) presents the thermal conductivity κ(T ) at
zero field for temperatures up to 100 K. Figure 3(b) shows
the section below about 0.5 K as a function of T 1.4, which
we will discuss first in more detail. The data follow a
power law, which we fit with κ(T )/T = κ0/T + bT
a
below T = 0.4 K. From the fit, we obtain a residual
term κ0/T = 0.01 WK
−2m−1 (κ0/κ(Hc2) = 1%), which
is of the order of our measurement uncertainty. A sizable
residual term is expected for a nodal superconductor39–41
due to pair-breaking impurities. Our observed κ0/T is
small compared to these expectations and experimental
results for unconventional superconductors, e.g. the d-
wave superconductors Tl2Ba2CuO6+δ with κ0/κ(Hc2) ≈
35%42, and CeIrIn5 with κ0/κ(Hc2) ≈ 20%41. Hence,
this result points towards a superconductor with a finite
gap everywhere on the Fermi surface.
The exponent we obtain from the power law fit is
a = 1.4. In an s-wave superconductor, the thermal con-
ductivity at sufficiently low T/Tc is expected to be en-
tirely due to phonons. With the relation
κp =
1
3
Cpvplp , (4)
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FIG. 3. Temperature dependence of the thermal conductivity
at H = 0. (a) In the double-logarithmic representation up to
100 K, a clear but smooth drop of κ(T ) at Tc is visible. A
hump appears at lower T . Inset: κ(T ) on a linear scale. For
an s-wave superconductor, one expects a rapidly decreasing
κe (e) below Tc, while κp (p) increases forming a hump. The
sketched T -dependencies for κe and κp are inspired by the
theory of J. Bardeen, G. Rickayzen, and L. Tewordt (BRT)
for s-wave superconductors. The dashed lines are guides to
the eye. (b) The low-temperature thermal conductivity can
be fitted with a power law κ(T )/T ∝ T 1.4 (solid yellow) lead-
ing to a residual term of κ(T )/T (T → 0) = 0.01 WK−2m−1.
A second fit (dashed red) with Eq. 4 using the experimental
specific-heat results indicates a dominant phonon contribu-
tion scattered by sample boundaries.
one can estimate the phonon contribution κp from the
specific heat Cp and the mean free path lp. Cp = βT
3 is
the phonon specific heat from a Debye model determined
above. The sound velocity vp can be calculated from Cp
using the two equations
βT 3 =
12pi4
5
NkB
T 3
Θ3
and vp =
kBΘ
~
(
V
6pi2N
)1/3
,
(5)
where Θ is the Debye temperature, V = 7.25 · 10−9m3
is the volume of sample #2 and N = 17mNA/M =
3.84 · 1020 is the number of atoms in the crystal. This
leads to Θ = 208 K and vp = 1860 m/s. However, the ex-
perimental specific-heat data on LaPt4Ge12 follow only
5approximately a T 3 dependence, but can be better de-
scribed by a T 2.5 law below 4 K (see inset of Fig. 1(a)).
Interestingly, the thermal conductivity follows a T 2.4 de-
pendence at low T , which is close to the experimentally
determined T -dependence of Cp. The almost identical
exponents hint at a scenario, where phonons scattered
on boundaries are the main contribution to κ at low T .
A fit of the thermal conductivity with an adjusted power
law Cp = β
′T 2.5, with the velocity vp calculated above,
and lp as free parameter is shown in Fig. 3(b). It leads
to a mean free path of lp = 0.055 mm, which is a reason-
able value considering the shortest of the sample dimen-
sions (0.04× 0.50× 1.92) mm3. This nice agreement sug-
gests first boundary scattering as the main contribution
to lp and a negligible contribution of specular reflections,
which would lead to a considerably larger lp. Secondly,
it points towards a negligible electronic contribution to
κ at low T and thus to a finite gap at every k point of
the Fermi surface.
With the results from the low-temperature thermal
conductivity, we can also understand the behavior in the
whole temperature range (Fig. 3(a)). At Tc, a clear drop
is visible followed by a hump at slightly lower T . In gen-
eral, the thermal conductivity both in the normal state,
κn, and in the superconducting state, κs, consists of a
phonon and an electron contribution
κn = κne + κ
n
p , (6)
κs = κse + κ
s
p . (7)
Assuming an s-wave superconductor, the drop can be at-
tributed to the decreasing number of electronic heat car-
riers, hence, κse decreases rapidly. The hump indicates an
enhanced mean free path of phonons due to the decreas-
ing number of electronic scattering centers, therefore, κsp
increases below Tc. J. Bardeen, G. Rickayzen, and L.
Tewordt (BRT) developed a standard theory for thermal
conductivity in the case of an s-wave superconductor43.
In the spirit of the BRT theory, we sketched the tem-
perature dependence for both κp and κe in the inset of
Fig. 3(a), which can qualitatively explain our observed
temperature dependence of the thermal conductivity.
D. H-dependence of the thermal conductivity
We now turn to the field-dependence of κ(H)/T for
LaPt4Ge12, which is presented in Fig. 4(a) for selected
temperatures between 290 mK and 650 mK together with
a zero-temperature extrapolation. The measurements
were performed on increasing field. A comparison with
measurements during decreasing field showed no hystere-
sis. The field-dependence is consistent with temperature-
dependent measurements at finite fields, which were per-
formed on warming and which do not show any difference
between field- and zero-field-cooling.
A clear kink is visible at µ0Hc2 = 1.4 T. This is slightly
lower than 1.6 T from the extrapolation of the specific-
heat data on polycrystals obtained at T ≥ 1.8 K8 and
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FIG. 4. Magnetic-field dependence of the thermal conductiv-
ity. (a) Dots represent field sweeps after zero-field-cooling.
Open squares are extracted from temperature sweeps after
field-cooling, filled squares are their zero-temperature extrap-
olations. The line is a guide to the eye. κ(H)/T is almost
linear and develops a minimum at low fields which becomes
more pronounced with higher temperature. The shaded ar-
eas illustrate qualitatively how the electronic and the phonon
contribution change with field44,45. (b) We compare the field-
dependent thermal conductivity data for T → 0 with the
following materials representing different gap symmetries. d-
wave #1: Tl2Ba2CuO6+δ (T/Tc → 0)42, d-wave #2: CeIrIn5
(T/Tc → 0)41, multiband: MgB2 (T/Tc = 0.02)46, clean s-
wave: Nb (T/Tc = 0.22)
47, dirty s-wave low T : InBi (T/Tc =
0.10)48 dirty s-wave high T : Ta80Nb20 (T/Tc = 0.35)
47. Note
the different scaling of the field axis to account for the differ-
ent Hc1 and Hc2.
from resistivity data down to 0.3 K21. The latter obser-
vation is in agreement with resistivity measurements on
our samples (not shown), which show a slightly higher
Hc2 than from thermal transport and specific heat (Fig.
2). This deviation is most likely due to surface effects.
Below Hc2, the thermal conductivity shows an almost lin-
ear field dependence in the zero-temperature limit. For
finite temperatures, a minimum appears at low fields. It
shifts to higher fields and becomes more pronounced as
the temperature is increased.
Generally, κ(H) is almost constant below Hc1
36,47,49,
a regime which we will not consider here since µ0Hc1 '
614 mT obtained from magnetization measurements is
very small in LaPt4Ge12.
However, there are drastic changes above Hc1 due to
the properties of the vortex state: In addition to the de-
localized quasiparticles due to thermal excitations above
the gap, there are quasiparticles from the core region,
which lead to an increase of κse
47,50–52. Around the vor-
tex core, a supercurrent flows, which decays over a dis-
tance roughly equal to the penetration depth λ. The
supercurrent with the velocity vS leads to a Doppler
shift of the energy of delocalized quasiparticles (k) →
(k)− ~k · vS(H)28,53. This changes the excitation spec-
trum, increases the density of states, and effectively low-
ers the gap ∆ for k directions with a component parallel
to vS. This effect also increases κ
s
e
28,54,55 and becomes
important especially for superconductors with nodes in
the gap. Scattering of electrons and phonons on the vor-
tex lattice decreases κse and κ
s
p
47,50,54.
The sum of all these effects leads to pronounced and
typical differences in κ(H) for materials with different
gap structures. They are all anisotropic with respect to
the angle between current and field and also with respect
to the angle between field and wave vector47,54,56,57. In
the following we restrict the discussion to our case of
a field perpendicular to the current. The field depen-
dence of κ(H) can be affected by the quality of the sam-
ple as exemplified in Fig. 4b for the case of an s-wave
superconductor47,48,50,57.
In Fig. 4(b), we compare our data with results on dif-
ferent materials. The materials chosen for this compari-
son show a field-dependence of the thermal conductivity
typical for their superconducting gap symmetry. The
key signatures found in LaPt4Ge12 are the finite slope
close to Hc2, no residual term κ0/κn at zero field, and
a minimum at intermediate fields, which is absent for
T → 0 but increases in amplitude with increasing T .
The curve for LaPt4Ge12 compares best with that of
InBi, which is a representative example for dirty s-wave
superconductors47–49,58,59. The most important differ-
ence to the clean s-wave case is the infinite slope at Hc2
found in the latter one. We also added data for a second
dirty superconductor at higher relative temperature to
illustrate the appearance of a minimum at intermediate
fields very similar to our observation in LaPt4Ge12.
The good agreement of κ(H) in LaPt4Ge12 with that
of a dirty s-wave superconductor fits to the specific heat
results and the temperature dependence of the thermal
conductivity. We find in addition, that our sample is
actually in the dirty limit, since the Ginzburg-Landau
coherence length ξ = 20 nm is of the same order as
the superconducting mean free path l = 60 nm. Here,
we used the upper critical field to determine ξ with
µ0Hc2 = Φ0/2piξ
2 = 1.4 T. To calculate l, we applied
l = [ ξ
−2−1.6·1012ρ0γnTc
1.8·1024(ρ0γnTc)2 ]
0.5 cm ,60 where we use the elec-
tronic specific heat coefficient γn = 1600 in the unit
erg K−2/cm−3, the residual resistivity ρ0 = 4 · 10−6 in
the unit Ωcm (from crystal #3, not shown), Tc = 8
in the unit K, and the aforementioned coherence length
ξ = 2 · 10−6 in the unit cm.
The good agreement with results for a dirty s-wave
superconductor implies, that the field dependence of the
thermal conductivity is composed of a phonon part κsp,
which decreases with increasing field due to scattering on
vortices, and an electronic contribution, which increases
due to an enhanced number of localized states in the
vortex cores tunneling to ever closer neighboring vortices.
This behavior is indicated in Fig. 4(a).
Since our specific-heat results indicate that a descrip-
tion within a two-band model is also consistent with the
data, we like to analyze our thermal-transport data with
respect to this scenario as well. A typical feature of κ(H)
in multiband systems is a plateau at intermediate fields
as shown in Fig. 4(b) for MgB2, which is attributed to the
suppression of the smaller of the two gaps. We do not
observe such change of curvature in LaPt4Ge12. How-
ever, this change might be very weak as e.g. in the case
of NbSe2
36.
Let us now compare our thermal conductivity results
with observations and predictions for the case of nodes in
the superconducting gap. There are both theoretical54,55
and experimental61–63 reports on a minimum in κ(H) for
unconventional superconductors. The slope above the
minimum can vary considerably depending on the type
of gap and the purity of the sample54,55,64 (cf. Fig. 4(b)).
Such a minimum is consistent with our observation.
Hence, this property does not rule out nodes in the gap of
LaPt4Ge12 completely. However, one would expect a siz-
able residual term for T → 0 in a nodal superconductor.
In contrast, both single-band and multiband s-wave su-
perconductors show an insignificantly small residual term
exactly as our results on LaPt4Ge12.
IV. CONCLUSION
We performed specific-heat and thermal-conductivity
measurements to investigate the superconducting order
parameter of LaPt4Ge12. The specific heat shows a sharp
superconducting transition at 8.0 K and its zero-field
temperature-dependence in the superconducting state
can nicely be described assuming a single BCS s-wave
gap of the size ∆ = 2.0 kBTc. The field dependence of
the γ0-coefficient deviates from the simple linear behav-
ior for s-wave pairing. Such a deviation can arise, if the
Fermi surface shows strong anisotropies as is the case for
LaPt4Ge12. We used the specific-heat results to analyze
the low-temperature thermal-transport in detail. The
temperature dependence of the thermal conductivity re-
veals a dominant phonon contribution at low tempera-
tures and a negligible electronic residual term. Together
with the dependence of the thermal conductivity on mag-
netic field, this behavior suggests a single gap BCS s-wave
superconductor.
However, we cannot completely exclude a two-band
scenario from our experimental results, in particular if
both gaps have a similar size ∆/kBTc or if one of them
7has only a tiny contribution to the thermal-transport and
thermodynamic properties. The analysis of the specific
heat data enables us to limit the possible range of am-
plitudes ∆1 and ∆2 and weighting factors x within the
two-gap α-model. The possible parameter range is com-
paratively large, since a single-band model is already suf-
ficient to describe our experimental results.
Since the sister compound PrPt4Ge12 is discussed to
be a multigap and/or unconventional superconductor,
further thermal conductivity and specific heat measure-
ments on the substitution series (Pr1−xLax)Pt4Ge12 are
highly desired. They might help to resolve the question,
if PrPt4Ge12 and LaPt4Ge12 have compatible supercon-
ducting order parameters as was suggested by the smooth
evolution of Tc(x) across the substitution series.
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